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2 and 3% of dry matter and a phosphorus content near 0.2 to 0.3%, nutri-
ents may be needed to realize any increase in production.

C02 may improve the availability of nutrients; Photosynthates are
utilized as energy by symbiotic nitrogen-fixing organisms. The nitrogen
in plants with such symbionts associated with their roots may increase.
For the same reason more photosynthates might increase uptake of N, P,
and K by roots in their association with bacteria and fungi. And
finally, increased photosynthesis and growth could enlarge the pool of
decomposing soil organic matter that can serve as a reservoir of soil
nutrients.

6.2.3.1  Nitrogen Metabolism

Nitrogen fixation consumes much photosynthate for its energy. Nitrogen-
fixing symbionts such as Rhizobium and Frankia, therefore, are greatly
affected by the photosynthate available in the plant. While quantita-
tive data are limited, experiments with CO-enriched plants show
increased N2 fixation.  In field experiments, Hardy and Havelka
(1977) showed more N2 fixed in soybeans in air enriched with C02 to
800-1200 ppmv, and the total kilograms of N2 fixed per hectare over
the growing season was much higher with CO2-enrichment. In terms of
harvestable product, Rogers et al. (1980) found a 28% increase in
weight of seeds harvested per soybean plant at 520 ppmv of C02 in
comparison with 340 ppmv.

Of all the essential elements for plant growth it is usually
nitrogen that is limiting. Thus the increased photosynthesis in a
C02-enriched atmosphere will increase demand for nitrogen. There
also might be a shift to plants capable of N2 fixation and to plants
that have a beneficial association with free-living, N2-fixing microbes.
The increased nitrogen in these plants would permit increased growth
and, in turn, increased photosynthesis, more photosynthate, and even
more N2 could be fixed until some other factor became limiting.

6.2.3.2  Organic Matter and Rhizosphere Association

Increased atmospheric CO2 will not likely affect the rhizosphere.
The respiration of roots and soil microbes maintain CO2 concentra-
tions in the air spaces in soil that are 10 to 50 times higher than in
the atmosphere. Doubling atmospheric C02 would likely have little
direct effect on roots and soil microbes.

If C02 increased plant growth it could increase the plant remains
incorporated as soil organic matter and influence the cycling of min-
erals in the soil and other soil properties. Soil organic matter is
composed of two major factions that occur in roughly equal amounts.
One factor is rapidly turning over and is composed of readily metabo-
lized organic molecules such as cellulose; the other is composed of
slowly accumulating, stabilized aggregates of phenols, other aromatic
molecules, and inorganic particles with turnover times of at least 100
years (Van Veen and Paul, 1981) . Although increases in degradable